Despite the best medical therapy, the recurrent stroke rate due to ipsilateral intracranial stenosis is 11% during the first year, although it becomes nearly twice as high if the stenosis is ≥ 70% \[[@B1]\]. For those who fail their medical treatment, the recurrence rate may be as high as 52% \[[@B2]\]. Although bare metal stent (BMS) can be used for treating symptomatic intracranial stenosis \[[@B3], [@B4]\], the major concern is the rate of restenosis which is reported to be as high as 32% \[[@B5]\].

There have been several reports regarding both short-term and mid-term follow-up results for the use of a drug-eluting stent (DES) for treating symptomatic intracranial stenosis \[[@B6]-[@B9]\]. However, the benefits of using DES have not been clearly defined in the cerebral arteries. There are also no reports regarding the long-term clinical and radiological outcomes following DES introduction. In this study, we present and discuss the long-term outcome in patients who underwent intracranial stenting with DES.

MATERIALS AND METHODS
=====================

Patients
--------

This study is part of a prospective study which was approved by our institutional review board. Among the patients in the database, we selected patients who underwent intracranial DES between March 2006 and July 2006. Presenting symptoms referring to the stenotic segment were transient ischemic attack (TIA) in nine and stroke in two. Revascularization was performed in patients with these symptoms as well as the medical therapy which includes an antiplatelet agent or warfarin as well as a lipid lowering agent.

The selection criteria for the endovascular treatment are as follows: 1) ischemic events caused by the stenotic artery; 2) continuing or aggravated ischemic symptoms despite medical therapy as defined by the regular use of at least 100 mg aspirin or 75 mg clopidogrel or anticoagulation by intravenous heparin (with an activated partial thromboplastin time \> 1.5 times control); and 3) stenosis degree \> 50% seen on digital subtraction angiography.

All of our study patients were male, and the mean patient age was 59 years (35\~78). The patient data and the procedures performed were summarized in [Table 1](#T1){ref-type="table"}. The lesion locations where the stent was placed are as follows: middle cerebral artery (n = 5); the vertebral artery (n = 3); the basilar artery (n = 1); the vertebrobasilar junction (n = 1); and the cavernous internal carotid artery (n = 1). Initial presentation symptoms were TIAs (n = 9) without showing an acute brain parenchymal lesion and stroke (n = 2) in patients whose brain MRI showed acute infarcts in the lateral medulla (patient 7) or pons (patient 10). The associated risk factors were hypertension (n = 6), diabetes mellitus (n = 1), hyperlipidemia (n = 1), previous stroke (n = 2), coronary artery disease (n = 1), cigarette smoking (n = 7), and a family history of stroke (n = 2).

Procedures
----------

The procedural details are the same as those described in previous reports \[[@B4], [@B10]-[@B13]\]. A Cypher (Cordis Corp, Johnson & Johnson, Warren, NJ, USA) stent was delivered over a 0.014-inch microwire in order to cover the lesion. The stent diameter was determined by not oversizing the non-diseased lumen diameter. The lesion length ranged from 0.84 to 1.90 mm. After stenting and angioplasty, we performed a control angiogram in order to measure the diameter of the stented segment. Heparin was not reversed after the procedure, and all patients were admitted to the intensive care unit for 1-2 days so we would be able to check for any postprocedural neurological changes or complications.

Technical success was defined as a reduction in stenosis to ≤ 30% luminal narrowing without abnormal dissection or distal embolization. We evaluated any periprocedural complications after stenting, such as TIA, minor stroke (modified Rankin Score (mRS) ≤ 2), major stroke (mRS \> 2) or hemorrhage.

Clinical Follow-up
------------------

The occurrence of a recurrent stroke or of a patient\'s death was reviewed by a chart review or telephone interview with the patient or the patient\'s relatives (if the patient was deceased) by one of the investigators. Review of the medical records was focused on any recurrent symptoms, functional status measurement by mRS, and mortality. Clinical follow-up was available for these 11 patients. If a patient was not followed in an outpatient clinic, an experienced nurse telephoned the patients to evaluate the possibility of any clinically relevant event.

Imaging Follow-up
-----------------

In eight patients, imaging follow-up was performed with cerebral angiography, CT angiography (CTA), and/or transcranial Doppler (TCD) at 30 days, six months, one year, and yearly thereafter. Follow-up study included CTA (n = 6) or TCD (n = 2) for eight patients and with a mean follow-up period of 55 months. Cerebral angiography was performed in two patients at 13 and 25 months in one patient and at 14 months in the other.

We evaluated the rate of restenosis which was defined as a luminal narrowing of ≥ 50% in the stented segment. Restenosis evaluation using CTA was determined by binary estimation (\> 50%) after delineation of stented vessel segments by Advanced Vessel Analysis (Siemens, Erlangen, Germany) or visual inspection of the luminal patency along the stented vessel in conjunction with CT perfusion or on Doppler study below or above the stented vessels or on the contralateral side.

RESULTS
=======

Both stent delivery and deployment were successful in all patients. The mean stenosis before treatment was 67%, while the residual stenosis was less than 30% in all patients (mean 4%). In patient 1, there was intraluminal thrombus formation during the procedure and which responded to intravenous antiplatelet infusion without any further complications ([Fig. 1](#F1){ref-type="fig"}). This thrombogenic event seemed to be related to incomplete antiplatelet medication or antiplatelet resistance which was not tested by VerifyNow system (Accumetrics, SanDiego, CA, USA) at that time. The follow-up results are included in [Table 1](#T1){ref-type="table"}.

Although image follow-up including TCD was done in eight of the 11 patient, there was no evidence of restenosis in any of these patients. The mean clinical follow-up period was 67 months (range, 47-75). Follow-up imaging was performed in 8/11 patients (73%) with CTA (n = 6), TCD (n = 2) or digital subtraction angiography (DSA) (n = 2). During the mean 55 months of imaging follow-up, suspected restenosis and then relief of the stenosis was seen during subsequent follow-up in two patients. Patient 1 had DSA follow-up at 13 months and 25 months although final follow-up was done by TCD. Patient 3 had DSA follow-up at 14 months although final follow-up was done by CTA.

In patient 1, angiographic follow-up showed 50% instent restenosis at 13 months. Cilostazol 50 mg bid was added to the patient\'s current medications of aspirin 100 mg and clopidogrel 75 mg, after which the restenosis had disappeared on the 25-month follow-up angiogram. This patient showed almost a symmetric peak systolic velocity (PSV) in TCD (122 in the right M1 vs. 141 in left the M1) at 73 months.

Patient 2 with left M1 stenting revealed increased PSV (right M1 vs. the left M1 as 105 vs. 141), as seen on the 11-month follow-up, thus suggesting in-stent restenosis. However, subsequent follow-up revealed almost symmetric PSV on both sides, i.e. right vs. left as 89 vs. 69 at 24 months, 70 vs. 90 at 64 months, and 89 vs. 110 at 73 months, and which was interpreted as being within a normal range.

One patient died of a sudden heart attack 59 months following the procedure which was regarded as unrelated to the cerebral lesion.

DISCUSSION
==========

Our previous study revealed that intracranial stenting using a bare metal stent can lead to a successful outcome (mRS ≤ 2) in 97% of stable patients and in 67% of unstable patients \[[@B11]\]. The overall adverse event rate after intracranial stent placement within the 30-day postprocedural period was 10% (9% ipsilateral adverse event rate) \[[@B11], [@B14]\]. Although there was no restenosis in our previous study, approximately 10-20% restenosis is expected when using a bare metal stent and the amount is even higher, i.e. up to 30%, when using Wingspan \[[@B15]\]. Stenting with DES in the intracranial vessel is recommended because of the high restenosis risk when using BMS \[[@B5]\]. Previous authors have shown successful results with DESs during the short and mid-term follow-up \[[@B6]-[@B9]\]. Our results also showed additional evidence of the good clinical outcome and no documented restenosis in our series even though our study included relatively a few patients during a mean 5.6 years, and thus indicating the long-term safety and durability of DES.

Although there are some reports regarding the likelihood of developing DES toxicity to the cerebral arteries in humans \[[@B7], [@B16]\], we did not experience any abnormal events during the procedure or the follow-up period due to the placement of DES. The use of DESs in coronary intervention has been shown to induce a low-grade chronic inflammatory process and impede the rate of endothelial healing \[[@B17]\]. These mechanisms have explained for the occurrence of very late reinfarction and stent thrombosis over the longer term even though they occur rarely \[[@B18]\].

Restenosis comes from a combination of the elastic recoil of the artery, neointimal hyperplasia, and vascular remodeling \[[@B19], [@B20]\]. This process involves stimulation of smooth muscle cell migration, proliferation, and activation of endothelial cells at injury sites \[[@B19], [@B21]\]. DESs are a major breakthrough in restenosis prevention after coronary intervention and they comprise more than 85% of the stents used in western countries \[[@B22], [@B23]\]. Although delayed endothelialization \[[@B24]\] or delayed hypersensitivity to the stents and causing thrombosis \[[@B25]\] in the coronary vessels has been reported, there must be more clinical experience and careful observation regarding these complications. The low restenosis rate of our series might have been due to the low number of calcified lesions which significantly limit full expansion of the stents, thus leaving a higher chance for restenosis \[[@B26]\].

The stent length of the DESs used in our study was longer than the BMSs those we have been using at that time although DESs 8-9 mm long are now available in our country. Since the self-expanding Wingspan stent system became the only stent approved by the Food and Drug Administration for the treatment of intracranial atherosclerotic disease, the usage and debate regarding DES vs. BMS has subsequently decreased. Limitations of our study are that we included a limited number of patients and follow-up studies including CTA and TCD without the validation of DSA in all patients. However, evaluation of intracranial stenosis between CTA, TCD, DSA shows a moderate agreement \[[@B27]\]. And in case of no neurologic symptom aggravations, it is not always necessary and possible to perform DSA especially in long term follow-up study.

Despite these limitations, our study showed a favorable clinical outcome of DESs with a low rate of restenosis in selected patients over more than a 5.6-year follow-up period. DES can play a significant role in the management of intracranial stenosis and noninvasive image follow-up could be proper if clinical follow-up is combined.

![A 35-year-old male presented with repeated TIAs against medication for 18 months. (**A**) The initial angiogram showed severe segmental stenosis of the left M1 and moyamoya-like collaterals around the stenosis. (**B**) There was an intraluminal filling defect after angioplasty and stenting, probably caused by incomplete antiplatelet medication or antiplatelet resistance. (**C**) The final angiogram obtained after intravenous antiplatelet agent infusion showed good patency of the M1. Also note the immediate disappearance of the moyamoya-like collaterals after stenting. (**D**) There was approximately 50% restenosis at the distal in-stent portion of the left M1, as seen on the 13-month follow-up angiogram, although the patient was without any symptoms. Cilostazol was added-added to the medication. (**E**) The restenosis had disappeared on the angiogram obtained 25 months later. (**F**) There was no symptom recurrence or new symptoms and no evidence of restenosis on the CT angiography obtained 41 months later. Note the symmetric filling of both MCA branches. (**G**) The linearly reconstructed stent lumen shows luminal patency. Transcranial Doppler examination at 73 months showed slightly increased but similar peak systolic velocities in both M1s.](ni-8-9-g001){#F1}
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Summary of the Patients and Results
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Abbreviations: TIA, transient ischemic attack; V4, the intradural vertebral artery segment; Cav ICA, the cavernous internal carotid artery; FU, follow-up; Angio, cerebral catheter angiogram; TCD, transcranial Doppler ultrasound; CTA, computed tomographic angiography; CTAP, CTA with perfusion; MRA, magnetic resonance imaging; MRAP, MRA with perfusion; NA, not available; mRS, modified Rankin Score

^\*^: sudden cardiac death without any neurologic deficit during the follow-up period
